BEST AVAILABLE COPY 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



"riVU'JJ 




0 Publication number: 



0 304 202 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 08.07.92 © int. CI. 5 : G01 N 33/543, //G01 N33/78, 

G01N33/76 

© Application number: 88307273.8 

© Date of filing: 05.08.88 

Consolidated with 88906976. 1 /0375700 
(European application No./publication No.) by 
decision dated 06.02.91. 



© Determination of ambient concentrations of several anaiytes. 



© Priority: 10.02.88 GB 8803000 


© Proprietor: Multilyte Limited 


06.08.87 GB 8700558 


c/o M.J. Ventham & Company 2nd Floor Kin- 




gsbourne House 229-231 High Hoiborn 


@ Date of publication of application: 


London WC1V 7DA(GB) 


22.02.89 Bulletin 89/08 






© Inventor: Ekins, Roger Philip 


© Publication of the grant of the patent: 


Pondweed Place Friday Street Abinger Com- 


08.07.92 Bulletin 92/28 


mon 




Dorking Surrey(GB) 


© Designated Contracting States: 




AT BE CH DE ES FR GB GR IT LI NL SE 






© Representative: Hale, Stephen Geoffrey et al 


© References cited: 


J.Y. & G.W. Johnson Furnivai House 14/18 


EP-A- 0 063 810 


High Hoiborn 


WO-A-84/01031 


London WC1V 6DE(GB) 


WO-A-86/01604 




WO-A-88/01058 




GB-A- 2 030 290 




CLINICAL CHEMISTRY, voi.31, no.10, October 




1985, Washington, DC (US); T.A.WILKINS et 




al., pp.1644-1653 





CQ 

<N 
O 
CM 

O 

CO 



O Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
n may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
LU shall be filed in a written reasoned statement. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 



i 



EP 0 304 202 B1 



Description 

Field of the invention 



The present invention relates to the determination of ambient analyte concentrations in liquids, for 
example the determination of analytes such as hormones, proteins and other naturally occurring or 
artificially present substances in biological liquids such as body fluids. 
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Background of the invention 



I have proposed in International Patent Application W084/01031 to measure the concentration of an 
analyte in a fluid by contacting the fluid with a trace amount of a binding agent such as an antibody specific 
for the analyte in the sense that it reversibly binds the analyte but not other components of the fluid, 
determining a quantity representative of the proportional occupancy of binding sites on the binding agent 

75 and estimating from that quantity the analyte concentration. In that application I point out that, provided that 
the amount of binding agent is sufficiently low that its introduction into the fluid causes no significant 
diminution of the concentration of ambient (unbound) analyte, the fractional occupancy of the binding sites 
on the binding agent by the analyte is effectively independent of the absolute volume of the fluid and of the 
absolute amount of binding agent, i.e. independent within the limits of error usually associated with the 

20 measurement of fractional occupancy. In such circumstances, and in these circumstances only, the initial 
concentration [H] of analyte in the fluid is related to the fraction (Ab/Ab 0 ) of binding sites on the binding 
agent occupied by the analyte by the equation: 



Ab = K ab [H] 



Ab 



1 + K ab [H] 



where K ab (hereinafter referred to as K) is the equilibrium constant for the binding of the analyte to the 
binding sites and is a constant for a given analyte and binding agent at any one temperature. This constant 
is generally known as the affinity constant, especially when the binding agent is an antibody, for example a 
35 monoclonal antibody. 

The concept of using only a trace amount of binding agent is contrary to generally recommended 
practice in the field of immunoassay and immunometric techniques. For example, in such a well-known 
work as "Methods in Investigative and Diagnostic Endocrinology", ed. S.A. Berson and R.S. Yalow, 1973 at 
pages 111-116. it is proposed that in the performance of a competitive immunoassay maximum sensitivity 

40 of the assay is achieved if the proportion of the "tracer" analyte that is bound approximates to 50%. In 
order to achieve such a high degree of binding of the analyte the theory of Berson and Yalow, to this day 
generally accepted by other workers in the field, requires that the concentration of binding agent (or, strictly 
speaking, of binding sites, each molecule of binding agent conventionally having one or at most two binding 
sites) must be greater than or equal to the reciprocal oHhe equilibrium constant (K) of the binding agent for 

.45 the analyte, i.e. [Ab] Z 1/K. For a sample of volume V the total amount of binding agent (or binding sites) 
must therefore be greater than or equal to V/K. A binding agent which is a monoclonal antibody may. for 
example, have an equilibrium constant (K) which is of the order of 10 u litres/mole for the specific antigen to 
which it binds. Thus, under the above generally accepted practice, a binding agent (or site) concentration of 
the order of I0" n mole/litre or more is required for binding agents of such an equilibrium constant and, with 

so fluid sample volumes of the order of 1 millilitre. the use of 10~ u or more mole of binding agent (or site) is 
conventionally deemed necessary. Avogadro's number is about 6 x 10 23 so that 10" 1 * mole of binding site 
is equivalent to more than 10 9 molecules of binding agent even assuming that the binding agent possesses 
two binding sites per molecule. For specific binding agents of the very highest affinity K is less than 10 : 
litres/mole so that conventional practice requires more than 10 7 molecules of binding agent, whereas 

55 binding agents with lower affinity of the order of 10 s litres/mole necessitate the use of more than 10 12 
molecules under conventional practice. In fact all immunoassay kits marketed commercially at the present 
time conform to these concepts and use an amount of binding site approximating to or, more frequently, 
considerably in excess of V/K; indeed in certain types of kit relying on the use of labelled antibodies it is 
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conventional to use as much binding agent as possible, binding proportions of analyte greatly exceeding 
50%. 

Because of the binding of substantial proportions, for example 50%, of the analyte in the liquid samples 
under test in such systems, the fractional occupancy of the binding sites of the binding agent is not j 

5 independent of the volume of the fluid sample so that for accurate quantitative assays it is necessary to 
control accurately the volume of the sample, keeping it constant in all tests, whether of the sample of 
unknown concentration or of the standard samples of known concentration used to generate the dose j 
response curve. Furthermore, such systems also require careful control of the amount of binding agent 
present in the standard and control incubation tubes. These limitations of present techniques are universally 

70 recognised and accepted. 

UK Patent Application 2.099.578A discloses a device for immunoassays comprising a porous solid j.-v 
support to which antigens, or less frequently immunoglobulins, are bound at a plurality of spaced apart } .*;.-- 

locations, said device permitting a large number of qualitative or quantitative immunoassays to be j.-v. 
performed on the same support, for example to establish an antibody profile of a sample of human blood 

/5 serum. However, although the individual locations may be in the form of so-called microdots produced by 
supplying droplets of antigen-containing solutions or suspensions, the number of moles of antigen present 
at each location is apparently still envisaged as being enough to bind essentially all of the analyte (e.g. 
antibody) whose concentration is to be measured that is present in the liquid sample under test. This 
apparent from the fact that the quantitative method used in that application (page 3, lines 21-28) involves 

20 calibration with known amounts of immunoglobulin being applied to the support; but this means that, in the 
samples being tested, essentially every molecule must be extracted from the sample in order for a true 
comparison to be made and hence that large amounts of antigen (i.e. the binding agent in this situation) are 
required in each microdot, greatly in excess of the total amount of analyte (i.e. antibody in this situation) 
present in the sample. 

25 

Summary of the invention 



The present invention involves the realisation that the use of high quantities of binding agent is neither 
necessary for good sensitivity in immunoassays nor is it generally desirable. If, instead of being kept as 

30 large as possible, the amount of binding agent is reduced so that only an insignificant proportion of the 
analyte is reversibly bound to it. generally less than 10%, usually less than 5% and for optimum results 
only 1 or 2% or less, not only is it no longer necessary to use an accurately controlled, constant volume for 
all the liquid samples (standard solutions and unknown samples) in a given assay, but it is also possible to 
obtain reliable and sometimes even improved estimates of analyte concentration using much less than V/K 

35 moles of binding agent binding sites, say not more than 0.1 V/K and preferably less than 0.01 V/K. For a 
binding agent having an equilibrium constant (K) for the analyte of the order of 10 11 litres/mole and samples 
of approximately 1 ml size this is approximately equivalent to not more than 10 8 , preferably less than 10 7 , 
molecules of binding agent at each location in an individual array. If the value of K is 10 13 litres/mole the 
figures are 10 6 and 10 5 molecules respectively, and if K is of the order of 10 8 litres/mole they are 10 n and 

40 10 10 molecules respectively. Below 10 2 molecules of binding agent at a single location the accuracy of the 
measurement would become progressively less as the fractional occupancy of the binding agent sites by 
the analyte would be able to change only in discrete steps as individual sites become occupied or 
unoccupied, but in principle at least the use of as low as 10 molecules would be permissible if an estimate 
with an accuracy of 10% is acceptable. Practical considerations may give rise to a preference for more than 

45 10 4 molecules. 

I have found that, generally speaking, for antibodies having an affinity constant K litres/mole for an 
antigen, the relationship between the antibody concentration and the fractional occupancy of the binding 
sites at any particular antigen concentration and the relationship between the antibody concentration and 
the percentage of antigen bound to the binding sites at any particular antigen concentration follow the same. 

so curves provided that the antibody concentrations and the antigen concentrations are each expressed in 
terms of fractions or multiples of 1/K. This is illustrated by the accompanying drawing which is a graph 
representing two sets of curves plotting these relationships. Each curve relates to the antibody concentra- 
tion [Ab], expressed in terms of 1/K. plotted along the x-axis. For the set of curves which remain constant or 
decline with increasing [Ab], the y-axis represents the fractional occupancy (F) of binding sites on the 

55 antibody by the antigen; for the second set. the y-axis represents the percentage (b%) of antigen bound to 
those binding sites. The individual curves in each set represent the relationships corresponding to four 
different antigen concentrations [An] expressed in terms of K, namely 10/K, 1.0/K. 0.1/K and 0.01/K. The 
curves show that as [Ab] fails F reaches an essentially constant level, the value of which is dependant on 
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[An, lt wil, be appreciated therefore « the abovementioned « 

qua ntitative estimation relies on large amounts o f Jn-n^J Lead reL on a different 

analyte. fails to recognise the advance tet ^^J^^ m of , he binding agent and which thus 

» be — d from the 

lowing the recognition that the use of such smal, r^rn^T a'very 
becomes feasible to place the binding agent required to a s ngle ' but at spatially separate 

small area of a solid support and hence to ^ « JJJJ^ Z^Lc for different ana.ytes 
points on a single solid support a w,de vanety ^^^J^^sLL^ exposure of each of 
which are or may be present simultaneously in a l.qu.d t b ^analysed ^ u P ^ 

the separate points to the liquid to be analysec i« , e^sentative'of the analyte 

which it is specific to an extent (i.e. fracfonal binding ^s,t B ^ u ^ ana iyte concentration therein 
concentration in the liquid, provided on.y that the volume o MoMwr and the ana.y ^ 
are large enough that on.y an insignificant fracUon (generally J^J 0 ^^,^ can then be 
ana.yte is bound to the point The ^To^J^Z unmJ binding sites or 

determined using separate s.te-recogn.t.on reagents wn.cn recogn s ^ ^ 

filled binding sites of the different binding agents ana wnicn 

aaents to be measured, for 

, concentration levels of the separate reagents bound to the *™ r ^~ {or example using a 

example fluorescent markers. Such measurements may ^ ^^^^^ p, a te. depending 
,aser which scans across the support, or simuitaneous^ 0 'J^^^*^^* ^ where 
on the nature of the labels. Other imaging deuces such as a « a 
appropriate.Because the binding agents are ^^^^^^ and to scan each binding 

5 small number of different marker labels or even the same ™rker label th oug 

agent location separately to determine the ^^^^Z^^ solid support with liquid 
considers more than ,3 , anises « be pe.orm w t of ana|yses . 

t0 ^oSTS^S * -thod for determining the ambient concentrations 

» of a plurality of ana.ytes in a liquid sample of vo.ume V litres : bM - an analyte which 

becomes bound to the Dind.no agent specific lor .1. and , n ,i vtes 0 ( me binding agents 

„ measunng a parameter representative of the Iracona, occupancy by J*™ ^.J^ 

,, me spaced apart nations b, a e-P-J-^STSS^ — 

of reversibly binding an analyte which is or may be present tne ^ ^ lhan Q-1 

55 unfilled binding sites on the binding agents. 
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The choice of a solid support is a matter to be left to the user. Preferably the support is non-porous so : ,- 

that the binding agent is disposed on its surface, for example as a monolayer. Use of a porous support may : 

cause the binding agent, depending on its molecular size, to be carried down into the pores of the support j 

where its exposure to the analyte whose concentration is to be determined may likewise be affected by the |, 

5 geometry of the pores, so that a false reading may be obtained. Porous supports such as nitrocellulose | / : 
paper dotted with spots of binding agent are therefore less preferred. Unlike the supports used m GB 

2.099.578A, which seem to need to be porous because of the large number of molecules to be attached, ^: 

trie supports for use in the present invention use much smaller quantities and therefore need not be porous. ».-, 
The non-porous supports may. for example be of plastics material or glass, and any convenient rigid 

jo plastics material may be used. Polystyrene is a preferred plastics material, although other polyolefins or 

acrylic or vinyl polymers could likewise be used. : r ■ 

The support means may comprise microbeads, e.g. of such a plastics material, which can be coated %\ 
with uniform layers of binding agent and retained in specified locations, e.g. hollows, on a support plate. 

Alternatively the material may be in the form of a sheet or plate which is spotted with an array of dots of |: 

75 binding agent. It can be advantageous for the configuration of the support means to be such that liquid ^ 

samples of approximately the volume V litres are readily retained in contact with the plurality of spaced .j 

apart locations marked with the different binding agents. For. example, the spaced apart locations may be % 

arranged in a well in the support means, and a plurality of wells, each provided with the same group of ;| 

different binding agents in spaced apart locations, can be linked together to form a microtitre plate for use f\ 

20 with a plurality of samples. .|- 
When the support means is to be used in conjunction with a measuring system involving light scanning. -;. 
the material, e.g. plastics, for the support is desirably opaque to light, for example it may be filled with an • 
opacifying material which may inter alia be white or black, such as carbon black, when the signals to be ; 
measured from the binding agent or the site-recognition reagent are light signals, as from fluorescent or 

25 luminescent markers. In general, reflective materials are preferred in this case to enhance light collection in 
the detecting instrument or photographic plate. The final choice of optimum material is governed by its 
ability to attach the binding agent to its surface, its absence of background signal emission and its 
possession of other properties tending to maximise the signal/noise ratio for the particular marker or 
markers attached to the binding agent situated on its surface. Very satisfactory results have been obtained 

30 in the Examples described below by the use of a white opaque polystyrene microtitre plate commercially 
available from Dynatech under the trade name White Microfluor microtitre wells. 

The binding agents used may be binding agents of different specificity, that is to say agents which are v 
specific to different analytes. or two or more of them may be binding agents of the same specificity but of ;. 
different affinity, that is to say agents which are specific to the same analyte but have different equilibrium •* 

35 constants K for reaction with it. The latter alternative is particularly useful where the concentration of analyte 
to be assayed in the unknown sample can vary over considerable ranges, for example 2 or 3 orders of 
magnitude, as in the case of HCG measurement in urine of pregnant women, where it can vary from 0.1 to 
. 100 or more lU/ml. 

The binding agents used will preferably be antibodies, more preferably monoclonal antibodies. Mbn- 

40 ocfonal antibodies to a wide variety of ingredients of biological fluids are commercially available or may be :• 
made by known techniques. The antibodies used may display conventional affinity constants, for example : 
from 10 s or 10 9 Yitres/mole upwards, e.g. of the order of 10 10 or 10 11 litres/mole, but high affinity antibodies j- 
with affinity constants of 10' 2 -10 13 litres'mole can also be used. The invention can be used with such [ 
binding agents which are not themselves labelled. However, it is also possible and frequently desirable to | 

45 use labelled binding agents so that the system binding agent/analyte/site-recognition reagent includes two [ 
different labels of the same type. e.g. fluorescent, chemiluminescent, enzyme or radioisotopic, one on the [ 
binding agent and one on the site-recognition reagent. The measuring operation then measures the ratio of f 
the intensity of the two signals and thus eliminates the need to place the same amount of labelled binding ;.■ 
agent on the support when measuring signals from standard samples for calibration purposes as when I 

so measuring signals from the unknown samples. Because the system depends solely on measurement of a ; 
ratio representative of binding site occupancy, there is also no need to measure the signal from the entire 
spot but scanning only a portion is sufficient. Each binding agent is preferably labelled with the same label 
but different labels can be used. 

The binding agents may be applied to the support in any of the ways known or conventionally used for 

55 coating binding agents onto supports such as tubes, for example by contacting each spaced apart location 
on the support with a solution of the binding agent in the form of a small drop. e.g. 0.5 microlitre. on a 1 
mm 2 spot, and allowing them to remain in contact for a period of time before washing the drops away. A 
roughly constant small fraction of the binding agent present in the drop becomes adsorbed onto the support 
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as a result of this procedure. It is to be noted that the coating density of binding agent on the microspot 
does not need to be less than the coating density in conventional antibody-coated tubes: the reduction in 
the number of molecules on each spot may be achieved solely by reduction of the size of the spot rather 
than the coating density. A high coating density is generally desirable to maximise signal/noise ratios The 

s sizes of the spots are advantageously less than 10 mm*, preferably less than 1 mm*. The separation is 
desirably, but not necessarily. 2 or 3 times the radius of the spot, or more. These suggested geometries 
can nevertheless be changed as required, being subject solely to the limitations on the number of binding 
agent molecules in each spot, the minimum volume of the sample to which the array of spots will be 
exposed and the means locally available for conveniently preparing an array of spots in the manner 

io described. 

Once the binding agents have been coated onto the support it is conventional practice to wash the 
support, in the case of antibodies as binding agents, with a solution containing albumen or other protein to 
saturate all remaining non-specific adsorption sites on the support and elsewhere. To confirm that the 
amount of binding agent in an individual spot will be less than the maximum amount (0.1 V/K) required to 
75 conform to the principle of the present invention, the amount of binding agent present on any individual site 
can be checked by labelling the binding agent with a detectable marker of known specific activity (i e 
known amount of marker per unit weight of binding agent) and measuring the amount of the marker present 
Thus, if the use of labelled binder is not desired on the solid support used in the method of the invention 
the binding agent can nevertheless be labelled in a trial experiment and identical conditions to those found 
20 m that trial to g.ve rise to correct loadings of binding agent can be used to apply unlabelled binding agent 
to the supports to be actually used. 

The minimum size of the liquid sample (V litres) is correlated with the number of mole of binding agent 
Jess than 0.1 V/K) so that only an insignificant proportion of the analyte present in the liquid sample 
becomes bound to the binding agent. This proportion is as a general rule less than 10%. usually less than 
5% and desirably 1 or 2% or less, depending on the accuracy desired for the assay (greater accuracy 
being obtained, other things being equal, when smaller proportions of analyte are bound) and the magnitude 
of other error-introducing factors present. Sample sizes of the order of one or a few ml or less e g down to 
100 rn.crol.tres or less, are often preferred, but circumstances may arise when larger volumes are more 
conveniently assayed, and the geometry may be adjusted, accordingly. The sample may be used at its 
natural concentration level or if desired it may be diluted to a known extent. 

The site-recognition reagents used in the method according to the invention may themselves be 
ant.bod.es. e.g. monoclonal antibodies, and may be anti-idiotypic or anti-analyte antibodies, the latter 
recognising occupied sites. Alternatively, for example for analytes of small molecular size such as thyroxine 
« inlr 0C T' e ,, S,t6S , may be rec °9 nised usi "9 either the analyte itself, appropriately labelled, or the 

S h rl V C ° UP ed t0 3n0ther m0 ' eCU,e " e * 3 Pr0tein molecule * which is directly or indirectly 
abe led. The site-recognition reagents may be labelled directly or indirectly with conventional fluorescent 
labels, such as fluorescein, rhodamine or Texas fled or materials usable in time-resolved pulsed fluores- 
cence such as europium and other lanthanide chelates, in a conventional manner. Other' labels such as 
chem. ummescent enzyme or radioisotopic labels may be used if appropriate. Each site-recognition reagent 
is preferably labelled with the same label but different labels can be used in different reagents The site- 
recognition reagents may be specific for a single one of the binding agent/analyte spots in each group of 
spots or ,n certain c.rcumstances. as with glycoprotein hormones such as HCG and FSC which have a 
common b.nd.ng site, they may be cross-reacting reagents able' to react with occupied binding sites in 
more tnan one of the spots. 

. In the assay technique the signals representative of the fractional occupancy of the binding agent in the 
test samples of unknown concentrations of the analytes can be calibrated by reference to dose response 
curves obtained from standard samples containing known concentrations of the same analytes Such 
standard samples need not contain all the analytes together, provided that each of the analytes is present in 
some of the standard samples. Fractional occupancy may be measured by estimating occupied binding 
sites (as with an anti-analyte antibody) or unoccupied binding sites (as with an anti-idiotypic antibody) as 
one ,s the converse of the other. For greater accuracy it is desirable to measure the fraction which is closer 
to zero because a change in fractional occupancy of 0.01 is proportionately greater in this case, although 
for fractional occupancies in the range 25-75% either alternative is generally satisfactory 

In that embodiment of the present invention which relies on two fluorescent markers, the measurement 
of relative .ntensity of the signals from the two markers, one on the binding agent and the other on the site 
recognition reagent, may be carried out by a laser scanning confocal microscope such as a Bio-Rad 
Lasersharp MRC 500. available from Bio-Rad Laboratories Ltd.. and having a dual channel detection 
system. Th.s instrument relies on a laser beam to scan the dots or the like on the support to cause 
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lZ^r Ce , mark8rS wavelen 9 th fibers to distinguish and measure the amounts of fluorescence 
Z w^IrT f ' UOreScence methods ™V al *> ^ used, interference (so-called crosstab bleen 
mLr tQ r J ^"n' 6 COmpensa,ed for b * standard correction, if it occurs or conventional efforts c7n be 
made to reduce ,t. Discrimination of the two f.uorescent signals emitted by the dual-labelled spots is 

^S^SL^^T^ em ' SSi0nS: " U ° reSCent SUbstances ™* be distinguished by 

these irrr i? T differi ° 9 f,UOrescence deca V «mes. bleaching times, etc. and any of 
hence oe^it mLLm. ^ 3 ^ W combination - t0 diff ^ntiate between two fluorophores and 
hence permit measurement of the ratio of two fluorescent labelled entities (bindinq aqent and site 
recognition reagent), present on an individual spot, using techniques well kno^tnflSc^ 
measurement field. When only one f.uorescent label is present the same techniques may be used prided 
that care ,s taken to scan the entire spot in each case and the spots contain essentiaNy L same amS o^ 
b-nding agent from one assay to the next when the unknown and standard samples are used 

ana.!™ ^ labelS ' SUCh 33 rac «**>Pfc 'abels. chemiluminescent labels or enzyme labeis 

analogous means of distinguishing the individual signals from one or from each of a pair of "c^be^a e 

Z S lnTZ^r mP{e mk radi ° iSOtOPeS SUCh 35 ^ ' 3M ™* be -adily^isl^shed on he 
baas of the differing energ.es of the.r respective radioactive emissions. Likewise it is possible to identifv he 

oTSen 6nZyme reaCti0nS> deriVinS ,r ° m dUa ' •"Wtab.ll-d antibody ^^£S £ 

— — «~ or 

L 9 h T^ e >^ r°r one and andrastene - dio -)- - ~ of ^ -hirsts 

such as Cortisol, ACTH and aldosterone, or thyroid-related hormones, such as T4 T3 and TSH J* thJ 

Sr22£T TBG ' ° f VimSeS SUCh 35 hepatitiS ' A ' DS « vini. or bacteria. I ch as Itaphy ococc 

streptococci, pneumococo. gonococci and enterococci. or tumour-related peptides such as AFP or CEA or 

cZthe UC b n? 35 impr ° VerS ° f ath ' eteS ' P^ormance or tort lTJ^ f n ea Ch 

~J^^££?^^* <° - — - — with other^n* 

The invention is illustrated by the following Examples. 
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An anti-TNF (tumour necrosis factor) antibody having an affinity constant for TNF at 25' C of about 1 x 

l^^-.l^^ ^ ^ " S ° ,Uti0n °' the 3ntib0d ^ «» conc\l°o ab0 o U 80 
"achTe7o7T Dvnrch M " f T aSW ° f ^ S0 ' Uti ° n are added in ^ *™ of droplets one to 

A^nti HCG h ( ° PaqUe Wh ' te) fi " ed ^vstywe micro.itre plate having 12 wells. 

An ant.-HCG (human chor.on.c gonadotropin) antibody having an affinity constant for HCG at ?ST nf 

r Texas Red - A so,ution ° f - o?80 

to ea^the SToSS EtSTS""" " ^ " " *" * ^ ^ 

evaporatioroMhVdmoLf n 6lS * ™ ** 3 ^ h ° UrS in 3 humid <° Prevent 

are filled with aboutS. ^' > WaShed S6Veral Umes wi,h 3 P h °sphate buffer and then they 

TNF am,body and me olhe, conWw about 5.IC molecules o! enti-HCG anlibod, The ^ „ 11 i£l 

^^Xr:^z~^jz r is 4 , • ,r: <~ - - 

anti-HCG antibody. (equivalent to 4 x 10" molecules) for the 
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Example 2 



A microtitre plate prepared as described in Example 1 is used in an assay for an artificially produced 
solution containing TNF and HCG. A test sample of the solution, amounting to about 400 microlitres, is 
5 added to one of the wells and allowed to incubate for several hours. About 400 microlitres of various 
standard solutions containing known concentrations {0.02. 0.2, 2 and 20 ng/ml) of TNF or HCG are added to 
other wells of the plate and also allowed to incubate for several hours. The wells are then washed several 
times with buffer solution. 

As site-recognition reagents there are used for the TNF spots an anti-TNF antibody having an affinity 
/o constant for TNF at 25 *C of about 1 x 10 10 litres/mole and for the HCG spots an anti-HCG antibody having 
an affinity constant for HCG at 25 'C of about 1 x 10 n litres/mole. Both antibodies are labelled with 
fluorescein (FITC). 400 microlitre aliquots of solutions of these labelled antibodies are added to the wells 
and allowed to stand for a few hours. The wells are then washed with buffer. 

The resulting fluorescence ratio of each spot is quantified with a Bio-Rad Lasersharp MRC 500 confocal 
;5 microscope. From the standard solutions dose response curves for TNF and HCG are built up. the figures 
for TNF being as follows: 

TNF concentration FITC fluorescence 

ng/ml — _ on TNF spot 

Texas Red fluorescence 

0.02 Li 

0.2 4.6 

25 2 7.9 

20 42.5 



30 and those for HCG being as follows: 

HCG concentration FITC fluorescence 

ng/ml on HCG spot 

35 

Texas Red fluorescence 



20 



0.02 1.8 
40 0.2 7.2 

2 16.0 
20 28.2 

45 

The artificially produced solution was found to give ratio readings of 5.9 on the TNF spot and 10.5 on 

the HCG spot, correlating well with the actual concentrations of TNF (0.5 ng/ml) and HCG (0.5 ng/ml) 
obtained from the dose response curves. 



so Example 3 



Using similar procedures to those outlined in Example 1 a microtitre plate containing spots of labelled 
anti-T4 (thyroxine) antibody (affinity constant about 1 x 10 n litres/mole at 25 *C). labelled anti-TSH (thyroid 
stimulating hormone) antibody (affinity constant about 5 x 10 9 litres/mole at 25 * C) and labelled anti-T3 
(triiodothyronine) antibody (affinity constant about 1 x I0 n litres/mole at 25 *C) in each of the individual 
wells is produced, the spots containing less than 1 x 10" 12 V moles of anti-T4 antibody or less than 2 x 
10"-" V moles of anti-TSH antibody or less than 1 x 10 - ' 2 V moles of anti-T3 antibody. 

The developing antibody (site-recognition reagent) for the TSH assay is an anti-TSH antibody with an 
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fi ^uivtf^ a re ootained by methods anaogous to those in F^mnio o ™ i *- 

fluorescence rat os with T4 Tl and tqw . ^ txample 2. correlating 

Example 4 



•abe^antl^ S2T ( l^Z^Z^tZV m ! Cr0titre P,3te " SP ° tS * »" 
antibody (affinity constantYbout m " t 2 cfT^.^f labe " ed 

hormone) antibody (affinity constant about ^ * (f °" iC,e StimU ' atin9 

« produced, the spots each containing less than 0 1 V/K m,Z , L } eaCh ° f the md,vidual wells is 
(a-pha subunit) monoCona, antibod 8^0 ^ n « ton t n! 7:TZ^TT f Cr ° SS ' re3Ctin9 
common developing antibody for both the HCG and the FSH assays * ' S USed M 3 

. ^ir^ix^ risr va;ious known concen,rati ° ns " hcg - 

20 fluorescence ratios with HCG and FSH C0 ^ CP „L^ 1 ° 9 ° US '° th ° S8 ln Exam P le 2 - bating 
antibody givi n g more -i-Hc! 
from the lower affinity anti-HCG antihnriv mn ,T concentrations whereas the curve 

The p.ate is used to Measure HcfS »™<»™^>««*" at the higher HCG concentrations, 
giving good corrections wi h ^^T^^ f v™™ " Pre9nanCy leS ^ 

25 measurements for HCG over a concentrate™ Zf T T I aCh ' eVm9 effective concentration 
the best HCG spot and dose response c l e ' ° " ^ °' ^ C °" ec < choice of 



Production of labelled antibod 



les 



45 



50 



55 



0980). page, ,„ a * a ' ,m ™"°'°9V". Black™,, ScienSic Publications 

cjan, J^TSt SfS £™ ^ a " FS " ««■ «-» -»* n.ving an 

constant (K) of 1 x 10"Tes oe ml "r! Cr0SS - react,n9 < al P ha subuni » antibody having an affinity 

La. Ammonium sulphate purification 

1- Add 4.1 ml saturated ammonium sulphate solution tr, s m ( -^k^ - 

1 :5 di,uted ascites fluid, under constant^tir^g (45% safcraTn ) * ^ " 

3 Di S rZ e t H Stirrin9 30 " 90 min - CentrifU9e 31 2500 r P m f ° r 30 min. 

3. Discard the supernatant and dissolve the precipitate in PBS (fina, vo.ume 5 m..). Repeat Steps 1 and 
J 22 Z ~*+ -eat Step , 

Lb. T-ge. Chromatography: (Buffer: , M Tris-CI. P H 7.6. Solid potassium sulphate) 
1 - Clear 2 ml of ascites fluid by centrifugation at 4000 rpm 

7 TJ: 1 M TfiS " Cl S0 ' U,i0n t0 3Chieve final concentration of 0 1 M 
3- Add sufficient amount of solid potassium sulphate. Final concentration = 0 5 M 
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4. Apply the ascite fluid to the T-gel column. 

5. Wash the column with 0.1 M Tris-Cl buffer containing 0.5 M potassium sulphate, until protein profile 
(at A 28 o) returns to zero. 

6. Elute the absorbed protein using 0.1 M Tris-Cl buffer as the eiuant. 

7. Pool the fractions containing antibody activity and concentrate using Amicon 30 concentrater. 

8. If HPHT purification is to be carried out. use HPHT chromatography Starting buffer during Step 7. 

2. Labelling of Antibodies FiTC/TRITC conjugation: 

1. Dialyse the purified 1 g protein into 0.25 M Carbonate-bicarbonate buffer, pH 9.0 to a concentration of 
20 mg/ml. 

2. Add FITC/TRITC to achieve a 1:20 ratio with protein (i.e. 0.05 mg for every 1 mg of protein). 

3. Mix and incubate at 4' C for 16-18 hrs. 

4. Separate the conjugated protein from unconjugated by: 
a. Sephadex G-25 chromatography for FITC label, 

or b. DEAE-Sephacel chromatography for TRITC/FITC label. 

Buffer system: 
PBS for (a). 

0.005 M Phosphate, pH 8.0 and 0.18 M Phosphate, pH 8.0 for (b). 
Calculation of FiTC: Protein coupling ratio:- 

2.87 x 0.D.495 nm 



0.D.280 nm - 0.35 x O.D.495 nm 



Claims 



1. A method for determining the ambient concentrations of a plurality of analytes in a liquid sample of 
volume V litres, comprising 

loading a plurality of different binding agents, each being capable of reversibly binding an analyte 
which is or may be present in the liquid sample and is specific for that analyte as compared to the 
other components of the liquid sample, onto a support means at a plurality of spaced apart locations 
such that each. location has not more than 0.1 V/K moles of a single binding agent, where K litres/mole 
is the equilibrium constant of the binding agent for the analyte; 

contacting the loaded support means with the liquid sample to be analysed, such that each of the 
spaced apart locations is contacted in the same operation with the liquid sample, the amount of liquid 
used in the sample being such that only an insignificant proportion of any analyte present in the liquid 
sample becomes bound to the binding agent specific for it. and 

measuring a parameter representative of the fractional occupancy by the analytes of the binding 
agents at the spaced apart locations by a competitive or non-competitive assay technique using a site- 
recognition reagent for each binding agent capable of recognising either the unfilled binding sites or the 
filled binding sites on the binding agent, said site-recognition reagent being labelled with a marker 
enabling the amount of said reagent in the particular location to be measured. 

2. A method as claimed in claim 1 wherein each of the spaced apart locations has less than 0.01 V/K 
moles of a single binding agent. 

3. A method as claimed in claim 1 wherein the binding agents used have equilibrium constants for the 
analytes of from 10 3 to 10' 3 litres per mole. 

4. A method as claimed in claim 1 wherein the binding agents used have equilibrium constants for the 
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analytes of the order of 10'° or 10" litres per mole. 

5. A method as claimed in claim 1 wherein the volume of the liquid sample is not more than 0.1 litre. 

6. A method as claimed in claim 1 wherein the volume of the liquid sample is 400 to 1000 microlitres. 

7. A method as claimed in claim 1 wherein the binding agents loaded onto the support means are 
antibodies for the analytes whose concentrations are to be determined. 

8. A method as claimed in claim 1 wherein the binding agents are labelled with markers enabling the 
concentration levels of the binding agent to be measured. 

9. A method as claimed in claim 8 wherein the binding agents and the site-recognition reagents are 
labelled with fluorescent markers such that at the individual spaced apart locations the assay technique 
for measuring fractional occupancy of the binding agents measures the ratios of the signals emitted by 
the fluorescent markers. 

10. A device for use in determining the ambient concentrations of a plurality of analytes in a liquid sample 
of volume V litres, comprising a solid support means having located thereon at a plurality of spaced 
apart locations a plurality of different binding agents, each binding agent being capable of reversibly 
binding an analyte which is or may be present in the liquid sample and is specific for that analyte as 
compared to the other components of the liquid sample, each location having not more than 0.1 V/K 
moles of a single binding agent, where K litres/mole is the equilibrium constant of that binding agent for 
reaction with the analyte to which it is specific. 

11- A kit for use in determining the ambient concentration of a plurality of analytes in a liquid sample of 
volume V litres, comprising 

a solid support means having located thereon at a plurality of spaced apart locations a plurality of 
different binding agents, each binding agent being capable of reversibly binding an analyte which is or 
may be present in the liquid sample and is specific for that analyte as compared to the other 
components of the liquid sample, each location having not more than 0.1 V/K. preferably less than 0.01 
V/K, moles of a single binding agent, where K litres/mole is the equilibrium constant of that binding 
agent for reaction with the analyte to which it is specific, 

a plurality of standard samples containing known concentrations of the analytes whose concentra- 
tions in the liquid sample are to be measured, and 

a set of labelled site-recognition reagents for reaction with filled or unfilled binding sites on the 
binding agents. 

Revehdications 

1. Procede de determination des concentrations ambiantes de plusieurs substances a analyser dans un 
echantillon liquide de volume V litres, comportant 

x le chargement de plusieurs agents de- liaison differents. chacun etant susceptible de se lier de 
maniere reversible a une substance a analyser presente ou eventuellement presente dans I'echantiHon 
liquide et speciflque de cette substance a analyser par rapport aux autres composants de rechantillon 
liquide. sur un moyen de support a plusieurs lieux espaces de telle sorte que chaque lieu presente une 
quant.te inferieure ou egale a 0.1 V/K moles d'un seul agent de liaison, ou K litres/mole est la constante 
d'equilibre de I'agent de liaison pour la substance a analyser, 

la mise en contact du moyen de support charge avec I'echantiHon liquide a analyser de telle sorte 
que chacun des lieux espaces soit mis en contact, au cours de la meme operation, avec rechantillon 
liquide. la quantite de liquide mise en oeuvre dans rechantillon etant telle que seule une proportion 
negligeable de toute substance a analyser presente dans rechantillon liquide se lie a I'agent de liaison 
qui lui est specifique. et 

la determination d'un parametre representatif de ('occupation partielie par les substances a 
analyser des agents de liaison aux lieux espaces par une technique d'essai de dosage par competition 
ou non competition faisant appel a un reactif de reconnaissance de sites pour chaque agent de liaison 
susceptible de reconnaTtre soit les sites de liaison non remplis soit les sites de liaisons remplis sur 
I'agent de liaison, ledit reactif de reconnaissance de sites etant marque par un marqueur permettant de 
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determiner la quantite dudit reactif a I'lieu particuiier. 

2. Procede selon la revendication 1. caracterise en ce que chacun des lieux espaces presente moins de 
0.01 V/K moles d'un seul agent de liaison. 

3. Procede selon la revendication 1, caracterise en ce que les agents de liaison mis en oeuvre presentent 
des constantes d'equilibre pour les substances a analyser de 10 8 a 10 13 litres par mole. 

4. Procede selon la revendication 1, caracterise en ce que les agents de liaison mis en oeuvre presentent 
des constantes d'equilibre pour les substances a analyser de Pordre de 10 10 ou 10 11 litres par mole. 

5. Procede selon la revendication 1 t caracterise en ce que le volume de Pechantillon iiquide est inferieur 
ou egal a 0,1 litre. 

6. Procede selon la revendication 1, caracterise en ce que le volume de Pechantillon Iiquide est de 400 a 
1000 microlitres. 

7. Procede selon la revendication 1, caracterise en ce que les agents de liaison charges sur le moyen de 
support sont des anticorps pour les substances a analyser dont les concentrations sont a determiner. 

8. Procede selon la revendication 1. caracterise en ce que les agents de liaison sont marques par des 
marqueurs permettant de determiner les niveaux de concentration de Pagent de liaison. 

9. Procede selon la revendications 8, caracterise en ce que les agents de liaison et les reactifs de 
reconnaissance de sites sont marques par des marqueurs fluorescents de sorte que, aux lieux espaces 
pris individuellement, la technique de dosage pour la determination de ('occupation partielle des agents 
de liaison determine les rapports des signaux emis par les marqueurs fluorescents. 

10. Dispositif a mettre en oeuvre pour la determination des concentrations ambiantes de plusieurs 
substances a analyser dans un echantillon Iiquide de volume V litres, comportant un moyen de support 
solide, sur lequel sont places, a plusieurs lieux espaces, plusieurs agents de liaison differents, chaque 
agent de liaison etant susceptible de se lier de maniere reversible a une substance a analyser presente 
ou eventueilement presente dans Pechantillon Iiquide et specifique de cette substance a analyser par 
rapport aux autres composahts de Pechantillon Iiquide, chaque lieu presentant une quantite inferieure 
ou egale a 0,1 V/K moles d'un seul agent de liaison, ou K litres/mole est la constante d'equilibre de cet 
agent de liaison pour la reaction avec la substance a analyser dont il est specifique. 

11. Kit a mettre en oeuvre pour la determination de la concentration ambiante de plusieurs substances a 
analyser dans un echantillon Iiquide de volume V litres, comportant 

un moyen de support solide, sur lequel sont places a plusieurs lieux espaces, plusieurs agents de 
liaison differents, chaque agent de liaison etant susceptible de se lier de maniere reversible a une 
substance a analyser presente ou eventueilement presente dans Pechantillon Iiquide et specifique de 
cette substance a analyser par rapport aux autres composants de Pechantillon Iiquide. chaque lieu 
presentant une quantite inferieure ou egale a 0,1 V/K moles, de preference inferieur a 0.01 V/K moles, 
d'un seul agent de liaison, ou K litres/mole est la constante d'equilibre de cet agent de liaison pour la 
reaction avec la substance a analyser dont i! est specifique, 

plusieurs echantillons etalon contenant des concentrations connues des substances a analyser dont 
les concentrations dans Pechantillon Iiquide sont a determiner, et 

un ensemble de reactifs de reconnaissance de sites, marques, pour la reaction avec les sites de 
liaison remplis ou non remplis sur les agents de liaison. 

Patentanspruche 

1. Verfahren zur Bestimmung der umgebenden Konzentrationen mehrerer Analyten in einer flussigen 
Probe mit einem Volumen von V Litem, das darin besteht. dafl man 

ein Tragermittel mit mehreren unterschiedlichen Bindemitteln. von denen jedes zur reversiblen 
Bindung eines gegebenenfalls in der flussigen Probe vorhandenen Analyten fahig und fur jenen 
Analyten im Vergleich mit den anderen Komponenten der flussigen Probe spezifisch ist. an mehreren 
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voneinander beabstandeten Stellen derart beladt. dafl jede Stelle nicht mehr als 0 1 WK Mol eines 
emzelnen Bindemittels aufweist. wobei K Liter/Mol die Gleichgewichtskonstante des Bindemittels 
bezuglich des Analyten darstellt; 

n a « b !' adene Tra '9 ermittel mit der 2U analysierenden flussigen Probe derart in Beruhrung brinqt 
dafl jede der voneinander beabstandeten Stellen im gleichen Arbeitsgang mit der flussigen Probe in 
Beruhrung gebracht wird. wobei die Menge der in der Probe eingesetzten Flussigkeit derart ist dafl 
ledighch e.n unwesentlicher An.eil an eventuell in der flussigen Probe vorhandenem Analyten an das 
dafur spezifische Bindemittel gebunden wird. sowie 

eine die Teilbesetzung der Bindemittel an den voneinander beabstandeten Stellen durch die 
Analyten darstellende Grofle mitte.s einer kompeti.iven oder nichtkompetitiven Testmethode unter 
Verwendung e.nes fur jedes Bindemittel regiospezifischen Reagens miflL das dazu in der Laqett 

nen wl U " beSet2ten BindeSte " en 0der * beS ^ Bindes,elle " an *™ Bindemitte zu e k^ 
nen. wobe, jenes reg 1 os P ez,f l sche Reagens mit einem Marker markiert ist, wodurch 3ich die Menqe 
jenes Reagens an der entsprechenden Stelle messen laflt. 9 

2 ' ITlZ rr.^T? 1 -' i6de d6r vonein3nder beabstandeten Stellen weniger als 0.01 WK 
Mol eines emzelnen Bindemittels aufweist. 

3. Verfahren nach Anspruch 1, worin Bindemittel mit Gleichgewichtskonstanten bezuglich der Analvten 
von 10 s bis 10* Liter pro Mol eingesetzt werden. °ezug,.cn aer Analyten 

4 ' 2r?^n "*? AnSPfUCh \ W ° rin Bindemittel mit G'eichgewichtskonstanten bezuglich der Analyten in 
der Groflenordnung von 10'° oder 10" Liter pro Mol eingesetzt werden. 

5. Verfahren nach Anspruch 1, worin das Volumen der flussigen Probe nicht mehr als 0.1 Liter betragt. 

6. Verfahren nach Anspruch 1. worin das Volumen der flussigen Probe 400 bis 1000 Mikroliter betragt. 

7. Verfahren nach Anspruch 1. worin a.s Bindemittel. mit denen das Tragermittel beladen wird Antikorper 
fur die Analyten. deren Konzentrationen bestimmt werden sol.en. zur Anwendung kommen 

8 ' Knn^r, naCh AnSPfUCh 1 ' W ° rin die 8indemi «e' mit Markern markiert werden. wodurch sich die 
Konzentrat.onswerte des Bindemittels messen lessen. woaurcn s.cn d.e 

9 ' z V e e n?m f fl e l naCh IT** 8 ' WOrin B ' M ™ und * regiospezifischen Reagenzien mit F.uores- 
Tes method m " S ° ** " de " ein2S ' nen VOneinander beabstandeten Ste'en mitte s der 

^^Z^Z'SJ^r 9 ^ " ^ *" — nzmarkern J££ 

10 ' rii^rt 9 , 2 ^ Ve p T dUn9 Bestimmu "9 de ' umgebenden Konzentrationen mehrerer Analyten 

m emer fluss.gen Probe m,t einem Volumen von V Litem, bestehend aus einem festen Tragermittel l m* 

SS^?"^^ Bin p emitte,n " mehferen V ° neinander ^abstandeten Stel.en'd Tauf vo 

.a... a je ..e.. A,.a!yten im Vergie;ch mit den anderen Komponenien der flussioen Fmho 

K P LS C M 0 | ,S d' " rT' S,e " e " iCht mehr 3lS WK M °' 6ineS einzelnen'Bindemitte Sis wobei 
Llyrdlrslellf e ' 96W,C tSk ° nStante Bindemitte ' S ™ ^ mit dem **" 

11. Besteck zur Verwendung bei der Bestimmung der umgebenden Konzentration mehrerer Analvten in 
einer fluss.gen Probe mit einem Volumen von V Litem, bestehend aus V 

^ZZTs^T^I mehrere V nM « d »cnen Bindemitte.n an mehreren voneinander 
oeaostandeten Stellen darauf, von denen jedes zur reversiblen Bindung eines qeqebenenfalls in der 
KZr 7 0be / 0 ^ dene " fahig und fur jenen Analyten im Ver g Z*T£TalZ 

Komponenten der flussigen Probe spezifisch ist. wobei jede Ste.le nicht mehr a.s 0 1 V/K Mol 
vorzugswe.se wen,ger a,s 0.01 V/K Mol. eines einze.nen Bindemitte.s aufweist wobei K Uter/ Mo. die 
G.e.chg e w.chtskonstante jenes Bindemitte.s zur Reaktion mi, dem dafur spezifische lAna.yten da^em 

der ^^^Z^Z^~ - — "~ 
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einem Satz markierter regiospezifischer Reagenzien zur Reaktion mit besetzten oder unbesetzten 
Bindestellen an den Bindemitteln. 
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